A study was conducted to evaluate the performance of caged laying hens fed raw, soaked, boiled, sprouted and fermented sorrel seed meal in a semi-arid environment. Six isonitrogenous diets (17% crude protein) were formulated. Diet 1 was based on soyabean meal which was replaced at 50% by processed sorrel seed meal in the other diets. A total of one hundred and eighty (180) Black Harco pullets aged 22 weeks were randomly assigned to the diets with 30 birds per diet each containing 3 replicates of 10 birds. Data were collected on feed consumption, egg production and shell quality. Results showed no dietary effects on feed utilization, egg production, egg weight and shell quality. The cost of feed was reduced with the inclusion of sorrel seed meal in the diet resulting to a lower cost of egg production on these diets compared to the control. No mortality was recorded during the period of the experiment. It was concluded that up to 50% of dietary soyabean meal can be replaced with sorrel seed meal raw or processed without adverse effects on the performance of laying hens. The replacement will reduce the cost of the feed and thus the cost of egg production.
INTRODUCTION
Poultry meat and egg production in Nigeria is still faced with the high cost of feeding. According to Aduku (1992) , the cost of feeding represents 80 -90% of the total cost of producing poultry meat and eggs. The cost of feeding is attributed to the high cost and scarcity of conventional feed ingredients like maize, groundnut cake, soyabean meal and fish meal. Soyabean which is a major protein source in poultry diets has several food and industrial uses. There is therefore the need to explore cheaper and safe sources of protein.
Sorrel (Hibiscus sabdariffa) is a plant well grown in the semi-arid zone of Nigeria mostly as a border crop. The leaves are used as soup and the calyx for preparing a local drink (sobo). Although there are several reports on the chemical composition of the seed, its use in livestock and poultry feeding is still poorly documented. Sorrel seed contains between 21. 40-35.19% crude proteins (FAO, 1982; Dashak and Nwogboro, 2002; Isidahomen et al., 2006) . The seed is however, high in fibre (Duke, 1983) and contains some tannins (Purseglove, 1969; Duke, 1983) which may limit its use in poultry feeding (Jansman, 1993) . However, tannins are reported to be inactivated by soaking in water (Price et al., 1979) and heating (Price et al., 1980; Bressani et al., 1982) . This paper reports the effects of feeding raw or differently processed sorrel seed meals as a replacement for soyabean meal on the performance of caged laying hens.
MATERIALS AND METHODS
Source and Processing of Sorrel Seed: Sorrel seed was purchased from the market in Maiduguri metropolis, cleaned and processed as follows: i) Raw sorrel seed meal (RSSM): the cleaned seed was fetched, milled and labeled RSSM;
ii) Soaked sorrel seed meal (SSSM): the cleaned seed was soaked in tap water for 24 hours, sundried for 72 hours then milled and labeled SSSM;
iii) Boiled sorrel seed meal (BSSM): the seed was boiled in tap water at 100 oc for 30 minutes, sundried for 72 hours, milled and labeled BSSM; iv) Sprouted sorrel seed meal (SPSSM): sorrel seed was soaked for 24 hours and allowed to sprout for 2 days. The sprouted seed was sun-dried for 72 hours, milled and labeled SPSSM ; v) Fermented sorrel seed meal (FSSM): the seed was boiled at 100 oc for 30 minutes and washed and kept in an air-tight container to ferment for 3 days. The fermented seed was sun-dried for 72 hours, milled and labeled FSSM.
Experimental diets: Six experimental layer mashes (17% crude protein) were formulated (Table 1) . Diet 1 (control) was based on soyabean meal as the major source of protein. In diets 2, 3, 4, 5 and 6 fifty percent (50%) of the soyabean was replaced by RSSM, SSSM, BSSM, SPSSM and FSSM respectively. Experimental stock and procedure: A total of one hundred and eighty (180) Black Harco pullets aged 22 weeks were used for the study. The birds were individually weighed and randomly assigned to 6 experimental groups of 30 birds per group. Each group contained 3 replicates of 10 birds in a completely randomized design (CRD). The birds were housed in pairs in cages measuring 33cm x 38.5cm x 45cm (width x length x depth). Each group received one of the experimental diets in table 1 and clean drinking water ad libitum for a period of 12 weeks (from 7 th February to 6 th May, 2008).
Data collection:
Birds were weighed at the start of the experiment and at the end of the 12 weeks experimental period. The live weight change was calculated by subtracting the initial weight from the weight at the end of the experiment. A weighed quantity of feed was fed every morning and the quantity left over the next morning weighed to account for daily feed intake.
The number of eggs laid by each replicate was recorded daily and the hen-day egg production (HDP) calculated as:
HDP (%) = Total eggs produced x 100 Number of birds alive Eggs produced by each replicate were weighed and the mean egg weight (g) recorded. Feed conversion ratio (FCR) was calculated for each replicate as the ratio of the feed consumed to the total egg weight.
FCR =
Feed consumed (g) Weight of eggs laid (g) Shell weight was determined according to the procedures described by Kul and Seker (2004) and the percent shell calculated by dividing the shell weight by the weight of the egg and multiplying by 100 (Chowdhury and Smith, 2001) . Shell thickness was measured using a paper thickness micrometer sensitive to 0.01mm.
Weight of egg (g) Data analyses: The raw and processed sorrel seeds were analyzed for chemical composition (crude protein, fibre, amino acids and tannins). The experimental diets were also analyzed for proximate composition according to the Association of Official Analytical Chemists (1990) . Samples were analyzed for amino acid composition according to Spackman et al. (1958) . The tannin content of the samples was determined spectrophotometrically using the 4-amino antipyrene procedure (American Public Health Association, 1985) . The metabolizable energy (ME) content of the samples was calculated according to Pauzenga (1985) as: ME (kcal/kg) = 37 x % CP + 81 x %EE +35.5 x % NFE.
Egg data were subjected to analysis of variance (Steel and Torrie 1980) using Statistix (2003) .
RESULTS AND DISCUSSION
The results of chemical analysis are presented in tables 1 and 2. There was no indication of processing effect on the crude protein of sorrel seed, but the crude fibre level was increased in the processed seeds compared to the raw. The levels of phosphorus and essential amino acids were lower in the sprouted seed than the raw and seeds from other processing methods. The higher reduction (34.04%) of tannin was observed in the boiled seed. The percentage tannin reduction was similar in the other processing methods (about 21%). The crude fibre content of the experimental diets was increased on the sorrel seed meal-based diets than the control diet based on soyabean meal.
The protein content of the test material (sorrel seed) compares well with the value (37%) reported for soyabean (NRC 1994 , Smith 2001 . With the exception of lysine sorrel seed had higher values of all the essential amino acids than those reported in soyabean by NRC (1994) . The reason for the higher fibre in the processed seeds compared to the raw was not clear, but probably due to the loss of some soluble nutrients in the processing water as all the methods involved moistening. Reddy et al (1982) observed an increased demand for nutrients, particularly phosphorus by germinating seeds. This could be a possible explanation for the reduced phosphorus and essential amino acids in the sprouted seed in the present experiment. The maximum reduction of tannin in the boiled seed and the similarity in tannin levels amongst the other processing methods is an indication of the presence of both water-soluble (hydrolysable) and heat labile tannins in sorrel seed. The higher crude fibre in sorrel seed compared to soyabean was reflected in the experimental diets characterized by higher crude fibre in the sorrel seed meal-based diets than the control diet based on soyabean meal Egg production data (Table 3) showed no significant (P>0.05) dietary effects on feed intake, egg production, egg weight, feed conversion ratio and egg shell qualities (shell thickness and percent shell). The cost of the kg feed was reduced with the inclusion of sorrel seed meal in the diet. Similarly, the feed cost of egg production (N /egg) was markedly (P<0.05) reduced on the sorrel seed meal-based diets compared to the control. No mortality was recorded throughout the period of the experiment.
The similarities in the performance of the hens amongst treatments are indications of the nutritional adequacy of the sorrel seed meal-based diets. This quality of sorrel seed despite the high fibre content may be due to its exceptional profile in essential amino acids. The price difference between sorrel seed and soyabean at the time of the experiment translated into a reduced cost of the kg feed and feed cost of egg production on the sorrel seed meal-based diets compared to the soyabean meal-based control diet.
From these results it was concluded that up to 50% of dietary soyabean meal can be safely replaced with sorrel seed meal in laying hens without adverse effects on their performance. An added benefit of the replacement was the reduced cost of egg production.
At this replacement level, processing may not be necessary, but when higher levels are to be considered it is advisable to boil the seed as this method effectively reduces the tannin content. , 120, 000mg; Cobalt, 80mg; Copper, 1, 200mg; Iodine, 400mg; Iron, 8, 000mg; Manganese, 16, 000mg; Selenium, 80mg; Zinc, 12, 000mg ; Anti-oxidant; 500mg. **Metabolizable Energy: calculated according to the formula of Pauzenga, (1985) : ME = 37 x % CP + 81 X % EE + 35.50 x % NFE. RSSM = Raw Sorrel Seed Meal SSSM = Soaked sorrel seed meal SPSSM= Sprouted sorrel seed meal FSSM = Fermented sorrel seed meal BSSM = Boiled Sorrel Seed meal The kg of soyabean sold for N66.67 against N37.50 at the time of the experiment ($1= N 0.007) 
